Introduction
Since the first observation of nuclear maturation (Pincus & Saunders, 1939) and fertilization of human oocytes cultured in vitro, various media with different chemical compositions have been used for these purposes (see Kennedy, 1972 , for review). Although clear cytological evidence of in-vitro fertilization of human oocytes matured in various media containing human follicular fluid has been reported Soupart & Morgenstern, 1973) , there is no presently available single system for the successful maturation and sperm penetration in vitro of human oocytes. This paper reports such a system.
Materials and Methods
The medium used for manipulation of gametes was a modified Krebs-Ringer-bicarbonate solution (modified KRB containing 94-6 mM-NaCl, 4-78 mM-KCl, 1-71 mM-CaCl2, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] mM-KH2P04, 1-19 mM-MgS04, 25-07 mM-NaHC03, 21-58 mM-sodium lactate, 0-5 mMsodium pyruvate, 5-56 mM-glucose, 4 mg crystalline bovine serum albumin (Sigma Chemical Co.)/ml, 50 ug streptomycin sulphate/ml and 75 ug potassium penicillin/ml). (20-40 ul) of the sperm suspension was introduced into 0-4 ml m-KRB solution which was covered with warm paraffin oil in a plastic culture dish (35 11 mm). The diluted sperm suspension containing 0-5-1-0 IO6 spermatozoa/ml was preincubated for 3 h in a C02
incubator. After the cultured oocytes had been incubated with the spermatozoa for 10 h, the oocytes were examined for evidence of sperm penetration.
Throughout the present study, the oocytes were mounted in toto, and were then fixed with 2-5% glutaraldehyde and 10% neutral formalin and stained with 0-25% lacmoid in 45% acetic acid. They were examined to determine the stages of maturation and for evidence of sperm penetration. The term 'matured' was used for oocytes with an extruded first polar body in the perivitelline space and a second metaphase plate of chromosomes within the vitellus. The term 'penetrated' was used for oocytes with an enlarged sperm head or male pronucleus(ei) with their corresponding sperm tail(s) in the vitellus.
Results
As shown in Table 1 , over half of the oocytes showed cytoplasmic degeneration after culture for 40-40-5 h. When 16 of the remaining oocytes were examined for their maturation, 6 had reached metaphase of the second meiotic division extruding the first polar body (PI. 1, Fig. 1 showing first polar body (PB) and a metaphase pia', e of chromosomes (arrow). Although the metaphase plate is usually much nearer the extruded polar body, the separation in this figure is not exceptional, 510. Fig. 2 . An egg at the pronuclear stage fixed 10 h after additional culture with spermatozoa preincubated for 3 h, showing the sperm midpiece (arrow) in close association with the male pronucleus ( ), 510. Fig. 3 . An egg at the pronuclear stage fixed 10 h after additional culture with spermatozoa preincubated for 3 h, showing the male pronucleus (M), the female pronucleus (F), the second polar body (PB) and the sperm midpiece (arrow), 350. Fig. 4 . The fertilizing spermatozoon in an oocyte fixed 10 h after additional culture with spermatozoa preincubated for 3 h, showing the beginning of nuclear swelling, 510.
(Facing p. 116) meiotic division. Normal germinal vesicle breakdown (GVBD) therefore occurred in 6/9, 2/3 and 3/4 of the oocytes obtained from the ovaries at the follicular, ovulatory and luteal phases, respectively.
When the remaining oocytes were introduced into the preincubated spermatozoa and examined 10 h later, 6/8 of the oocytes from the ovaries at the ovulatory phase were penetrated (Table 2) . A lower proportion of the oocytes from the ovaries at the other stages of the cycle were penetrated, and a significant difference (P < 0-02) was found between the values for follicular and ovulatory phases. The details of the conditions of penetrated and unpenetrated oocytes are summarized in Table 2 Fig. 4 ) was observed in 5 oocytes which were still at metaphase of the first meiotic division. (Tables 1 and 2 ).
Discussion
Maturation of rat (Niwa & Chang, 1975) , cow (Iritani & Niwa, 1977) and pig (Iritani, Niwa & Imai, 1978) follicular oocytes followed by successful sperm penetration in vitro has been achieved in a m-KRB solution which was suitable for in-vitro fertilization of rat (Toyoda & Chang, 1974; Niwa & Chang, 1975) , hamster and mouse (Niwa, Imai, Kim & Iritani, 1980) eggs. In the present study, human follicular oocytes also matured in this medium followed by successful penetration in vitro by preincubated spermatozoa.
When the oocytes showing cytoplasmic degeneration 40-40-5 h after culture were excluded after microscopic observation, 11 (68-8%) of the 16 oocytes examined underwent GVBD reaching metaphase of the first or second meiotic division (Table 1) . These figures are comparable to those obtained by Kennedy & Donahue (1969) , who found that 50-0-63-2% of human oocytes cultured for 43-47 h in the defined FIO medium reached metaphase of the first or second meiotic division. However, Kennedy & Donahue (1969) used all of the oocytes recovered from the ovary for culture and did not exclude those obviously degenerated after culture, and it is therefore considered that the actual maturation rate obtained in the present study may be lower than their figures. Although we tried to exclude the degenerated oocytes from culture, the proportion of oocytes undergoing GVBD after culture was reduced to 30-6% (Tables 1 and 2 ). This lower percentage of the oocytes undergoing GVBD in the present study compared with that reported by Kennedy & Donahue (1969) (Iwamatsu & Chang, 1972) and rat (Niwa & Chang, 1975) oocytes. The maturation of ooplasm as a whole, therefore, could be of importance for normal fertilization.
